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Abstract. W e present the results ofthe X-ray spectralanalysis ofthe rst deep X-ray survey with the XM M -
Newton observatory during Perform ance Verication.The X-ray data ofthe Lockm an Hole eld and the derived
cum ulative source counts were reported by Hasinger et al.(2001).W e restrict the analysis to the sam ple of98
sources with m ore than 70 netcounts(ux lim it in the [0.5-7]keV band of1:6 10
  15
erg cm
  2
s
  1
)ofwhich
61 have redshiftidentication.W e nd no correlation between the spectralindex   and the intrinsic absorption
colum n density N H and,forboth the Type-1 and Type-2 AG N populations,we obtain h i’ 2.The progressive
hardening ofthe m ean X-ray source spectrum with decreasing ux is essentially due to an increase in intrinsic
absorption.The m arked separation between the two AG N populationsin severaldiagnosticsdiagram s,involving
X-ray colour,X-ray ux,optical/nearIR colourand opticalbrightness,isalsoaconsequenceofdierentabsorption
colum n densitiesand enablesthe classication ofoptically faintobscured AG N.The Type-2 and obscured AG N
have weakersoftX-ray and opticaluxesand redderR  K 0 colours.They follow the evolutionary tracksoftheir
hostgalaxiesin a color-redshiftdiagram .About27% ofthe subsam ple with R  K
0
colourare ERO s(R  K
0
 5)
and m ostofthese18X-rayselected ERO scontain an obscured AG N asrevealed bytheirhigh X-ray-to-optical/near
IR ux ratios.Therearesix sourcesin oursam plewith LX [0.5-10]> 10
44
erg s
  1
and log(N H )> 10
22
cm
  2
:which
are likely Type-2 Q SO sand we thusderive a density of 69 objectsofthisclasspersquare degree.
Key words.Surveys { G alaxies:active { (G alaxies:) quasars:general{ (Cosm ology:) diuse radiation { X-ray:
galaxies{ X-rays:general
1.Introduction
The deep RO SAT survey of the Lockm an Hole showed
thatabout80% ofthesoft(0.5-2 keV)X-ray background
(XRB) is resolved into discrete sources (Hasinger et al.
1998).These  ndings have recently been con rm ed and
strengthened using the two deep Chandra surveys of
1 M sec each (Brandt et al. 2001; Rosati et al. 2002).
An im portant population of X-ray sources with hard
spectra, m ost probably obscured active galactic nuclei
Send oprintrequests to:V.M ainieri,
e-m ail:vmainier@eso.org
?
Based on observations obtained with XM M -Newton, an
ESA science m ission with instrum ents and contributions di-
rectly funded by ESA M em berStatesand the USA (NASA)
(AG N), is present in the Chandra (Barger et al.2001;
Hornschem eieretal.2001;Rosatietal.2002)and XM M -
Newton (Hasinger et al. 2001, hereafter Paper I) deep
surveys;a few objects ofthis classhad already been de-
tected in RO SAT deep and shallowersurveys (Lehm ann
etal.2001a;M ittaz etal.1999).In the hard band (2-10
keV),the X-ray source density derived from the num ber
counts in the two Chandra deep surveys is about 4000
deg  2 (Brandt et al.2001;Rosatiet al.2002) resolving
 85  90% ofthe 2-10 keV XRB.Thispopulation ofX-
ray sources show a progressive hardening ofthe average
X-ray spectrum towardsfainter uxes(Tozzietal.2001;
M ittaz etal.1999).
The XM M -Newton deep survey (’ 100 ksec ofgood
quality data) ofthe Lockm an Hole was obtained during
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Perform ance Veri cation.The X-ray data reduction and
analysis(restricted to sourceswithin a 10 arcm in radius)
wasreported in PaperIwhere itwasdem onstrated that
the di erent populations ofX-ray sources are wellsep-
arated in X-ray spectraldiagnostics based on hardness
ratios.The extensive opticalfollow-up program s ofthis
 eld (Lehm ann etal.2001a,and referencestherein)pro-
videan understanding ofthephysicalnatureoftheX-ray
sources.The point sources detected in the soft band by
RO SAT are predom inantly unobscured (in both optical
and X-ray bands) AG N spanning a wide redshift range.
In the XM M -Newton sam ple,there is a signi cant frac-
tion ofsourceswith hard spectra.Thisnew population is
m ostprobably dom inated by intrinsically absorbed AG N.
Thisassum ption can betested using the availableoptical
spectra and,m oree cently,by X-ray spectralstudy.
Tothisaim ,wehaveperform ed an X-rayspectralanal-
ysis ofthe sources in the Lockm an Hole to understand
theirphysicalnature com bining the X-ray data with the
optical/near IR inform ation.W e also use the subsam ple
with redshift identi cation to check the validity of our
conclusions concerning the speci c properties ofthe ob-
scured AG N population.Prelim inary resultsofthiswork
werereported by M ainierietal.(2002).
In thefollowingwewillrefertoType-1(broad and narrow
em ission lines)and Type-2 AG N (high ionization narrow
em ission lines) using the opticalspectroscopic classi ca-
tion.
The observationsarepresented in Sect.2.Theresults
ofthespectralanalysisaredescribed in Sect.3,in partic-
ular the range ofthe X-ray spectralindex,the observed
N H distribution and colour-colour diagnostics diagram s.
The optical/near IR properties are discussed in Sect.4
togetherwith a com parison with Q SO and galaxy evolu-
tionarytracks.Thesearch forrelationsbetween X-rayand
optical/nearIR  uxes is presented in Sect.5.The e ect
ofthe absorbing colum n density on the X-ray lum inos-
ity and theType-2 Q SO candidatesarediscussed in Sect.
6.Representativespectra ofthe di erentclassesofX-ray
sources are given in Sect.7.Finally,our conclusions are
outlined in Sect.8.
2.X-ray observations
2.1.Sam pledenition
TheX-rayresultsreported in thispaperareobtained from
theXM M observation oftheLockm an Hole eld,centered
on thesky position RA 10:52:43,DEC + 57:28:48(J2000).
Thisisa region ofextrem ely low G alactic Hydrogen col-
um n density,N H = 5:7 10
19 cm   2 (Lockm an etal.1986).
Theobservationwasperform edin veseparaterevolutions
(70,71,73,74and 81)duringtheperiod April27-M ay 19,
2000 for a totalexposure tim e of190 ksec.Due to peri-
odsofhigh background and  ares,thegood tim eintervals
added up to approxim ately 100 ksec.
The dataset,the cleaning procedure used,the source
detection and theastrom etriccorrectionsaredescribed in
detailsin PaperI.
In this work,we use a sam ple of192 sources with a
likelihood value > 10 (corresponding to  4;see Paper
I),and extend the analysis to the whole Lockm an Hole
 eld ofview (in PaperIonly sourceswith o -axis angle
< 100 were considered).The  ux lim itsofthissam ple in
the [0.5-2],[2-10]and [5-10]keV bandsare 0.31,1.4 and
2:4 10  15 erg cm   2 s  1,respectively.W ehaveused only
EPIC-pn data in this work.W e restrict the X-ray spec-
tralanalysisto sourceswith m ore than 70 counts in the
[0.5-7]keV band afterbackground subtraction,forwhich
a reasonable param eter t can be obtained.This de nes
a sam pleof98 sources,ofwhich 76 within an o -axisan-
gle of100.The fullsam ple includes 38 Type-1 AG N,15
Type-2 AG N,34 unidenti ed sources (m ostly newly de-
tected XM M -Newton sources),fourextended sources,two
norm algalaxiesand  vestars.
2.2.The X-ray source catalogue
The catalogue of the 98 X-ray sources studied here is
given in Table 2. W e report in the  rst two colum ns
the source num ber and the RO SAT num ber (if any);
in the third colum n the classi cation schem e (see
Schm idt et al.1998):1= Type-1 AG N,2= Type-2 AG N,
3= galaxy,4= group/clusterofgalaxies,5= star,9= uniden-
ti ed source;in colum ns4 and 5 theX-ray sourcecoordi-
nates(J2000).O  -axisanglesand observed countsin the
[0.5-7]keV band are reported in colum ns 6 and 7.The
X-ray  ux isgiven in threedi erentbands:[0.5-2],[2-10]
and [5-10]keV (seeTable2 in PaperIfortheenergy con-
version factors in the di erent bands).Cols.11,12 and
13 give the R and K 0 m agnitudes,and R  K 0 colour re-
spectively.In colum n 14,we give the redshift based on
low-resolution K eck spectra.Thecolum n density,log(N H )
(in excessto the galactic ones),and the spectralindex  
asm easured from spectral tting arereported in colum ns
15 and 16.Theerrorscorrespond to 90% con dencelevel
foroneinterestingparam eter( 2 = 2:706).Thelasttwo
colum nsgive the absorbed X-ray lum inosities,which are
derived from the X-ray spectra in the rest-fram e bands:
[0.5-2]and [2-10]keV.W e assum e a criticaldensity uni-
versewith H 0 = 50 km s
  1 M pc
  1
and  = 0.
3.Spectralanalysis
3.1.Spectra extraction
The purpose ofthis work is to perform an X-ray spec-
tralanalysis of the sources in the Lockm an Hole  eld,
taking advantageofthelargecollecting areaoftheXM M -
Newton satellite.Thisrepresenta step forward respectto
thehardnessratiosdiagnosticdiagram sand stackingtech-
niques(Tozzietal.2001;Alexanderetal.2001a)in which
the rangeofsourceredshiftswillsm earoutthe signature
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Fig.1.The power-law photon index (  )versuslog(NH ).
Filled circles show the Type-1 AG N spectroscopically
identi ed in theRO SAT ultradeep HRIsurvey (Lehm ann
et al. 2001a) and in the on-going optical follow-up of
the newly detected XM M -Newton sources (PI:M aarten
Schm idt),open circlesareType-2 AG N,crossesarethree
stillunidenti ed objects for which we have photom etric
redshift estim ations (Lehm ann et al. 2001a). The his-
togram shows the spectral index distribution (shaded
area).Forboth param eters,errorbarscorrespond to 90%
con dence level for one interesting param eter ( 2 =
2:706).
ofabsorption and otherX-ray spectralfeatures(e.g.,the
iron K  line).
W e use an autom ated procedure to extractthe X-ray
spectra ofthe 98 sources.Firstly,a sourcecatalog iscon-
structed using the SAS detection algorithm (see PaperI
for details on the detection process).W e then perform
thesourcedetection using SExtractor(Bertin etal.1996)
on the sam e im age ([0.5-7]keV band).SExtractoryields
shape elliptical param eters for each source (the sem i-
m ajor/m inor axes and the orientation angle) which are
added to the m ain SAS catalog by cross-correlating the
two sourcelists.
Ellipticalparam etersforeach sourceareused to de ne
theappropriateregion fortheextraction ofthespectrum ,
thus taking into account the broadening ofthe PSF at
increasing o -axis angles.The background region is de-
 ned asan annulusaround the source,afterm asking out
nearby sources.TheXSELECT toolisused to extractthe
spectrum ,and the G RPPHA toolisused to bin the data
so as to have atleast20 countsper bin.In this process,
thebackground countrateisrescaled with theratioofthe
sourceand background areas.
Fig.2.IntrinsicN H distribution forsourcesinsidean o -
axisangle of100 with m ore than 70 countsin the [0.5-7]
keV band.Theshaded partindicatesthesourceswithout
redshift,for which the m easured N H value represents a
lowerlim it.
3.2.Spectralparam eters
W euseXSPEC (v11.1)forthespectral ttinganalysis.As
a  rstapproxim ation,a powerlaw m odelwith an intrin-
sicabsorption (wabs orzwabs ifthe redshiftisknown)is
used.An additionalphotoelectric absorption com ponent
(wabs)  xed to the G alactic colum n density is also in-
cluded in the m odel.
This  t yields the power-law photon index   , the
intrinsic colum n density N H , and the X-ray lum inos-
ity in the [0.5-2] and [2-10] keV rest-fram e bands. A
clear soft excess is present in severalsources (especially
the absorbed ones). In order to reproduce this feature
we add two separate com ponents to the baseline m odel
(wabs zwabs powerlaw):a blackbody or an extra power-
law.Extra param eters m easured from this com posite  t
(second power-law index or blackbody tem perature) are
notreported in Table 21.
In Fig.1,we plot  versusthe colum n density NH for
the sourceswith known redshifts.This diagram suggests
thattheintrinsicslopeoftheX-ray spectrum isthesam e
for allthe objects whatever the absorption levels,with
h  i’ 2.Therefore the increasing hardnessofthe source
spectra at fainter  uxes observed in the Chandra deep
 elds (G iacconiet al.2001;Tozziet al.2001;Brandt et
al.2001)isprobably due to intrinsic absorption and not
to an intrinsically hard power law.Severalteam s (Della
Ceca etal.1999b;Akiyam a etal.2000;Fioreetal.2001;
M aiolino etal.2001a;Pageetal.2001;Reevesetal.2000;
Risalitiet al.2001)reported the existence ofAG N opti-
1
In Sect.7,we presentsix spectra and besttm odelsrep-
resentative ofdierentclassesofobjects.
4 V.M ainierietal.:XM M -Newton observation ofthe Lockm an Hole
Fig.3.X-ray diagnostic diagram s based on hardness ratios.Filled circles show the Type-1 AG N spectroscopically
identi ed in the RO SAT ultradeep HRI survey (Lehm ann et al.2001a) and in the on-going opticalfollow-up of
the newly detected XM M -Newton sources (PI:M aarten Schm idt).Type-2 AG N are m arked with open circles and
unidenti ed sourceswith crosses.The large  lled circles are ERO s(R  K0  5).The sourcesinside a box are those
with an intrinsic log(N H )> 21:5.For clarity,only sourceswith hardnessratio errorsless than 0.1 are plotted.The
source# 50 isindicated,see Sect.7.3 form oredetails.
cally classi ed as Type-1 but with an indication ofab-
sorption in their X-ray spectra.In oursam ple,there are
seven objects with an intrinsic absorption between 1021
and 1022 cm   2 which are optically classi ed as Type-1
AG N.M oreover,the source # 96 (RO SAT # 39)showsa
high intrinsic absorption of5
+ 5
  3  10
22 cm   2 while itwas
optically classi ed asan unabsorbed Q SO ata redshiftof
3:279.In thesecasestheopticalclassi cation isde-coupled
from the X-ray classi cation.Thiscould be due to a gas-
to-dustratioand/orachem icalcom position di erentfrom
those in G alactic interstellar gas (Akiyam a et al.2000;
M aiolino etal.2001b).Thethreesourceswith photom et-
ricredshiftshavean absorption greaterthan 1021:5 cm   2
which,com bined with theR  K 0colours,suggestthatthey
areprobably obscured AG N (Lehm ann etal.2001a).
3.3.Observed N H distribution
The N H distribution and its cosm ologicalevolution are
key ingredientsin theXRB synthesism odels(Com astriet
al.1995;G illietal.2001).In Fig.2 we show the N H dis-
tribution forthe 38 sourceswith an o -axisangle < 100.
In thiscentralregion wheretheexposuretim eisapproxi-
m ately constant,ourthreshold of70 countsin the [0.5-7]
keV band correspondsto a  ux of1:6 10  15 erg cm   2
s  1.Thesurfacedensity ofsourcesdown tothis ux lim it,
 1700deg  2,isin very good agreem entwith thatderived
from the logN-logS relation given in Paper I.Therefore
oursam plecan beregarded com pleteand thederived N H
distribution representativeofthe overalAG N population
atthe aforem entioned  ux lim it.
3.4.X-ray colour-colourdiagram s
A usefulm ethod to constrain thenatureofX-ray sources,
in particular when the signal-to-noise ratio is not high
enough forspectralanalysis,isto useX-ray colour-colour
diagram s(e.g.Della Ceca etal.1999a;PaperI).In Fig.3
we presenttwo ofthese diagram s.W e have used the en-
ergy bands :0.2-0.5 keV (US),0.5-2 keV (S),2-4.5 keV
(M ) and 4.5-10 keV (H) to de ne three di erent hard-
ness ratios:HR1= (S-US)/(S+ US),HR2= (M -S)/(M + S),
HR3= (H-M )/(H+ M ).W e use di erent sym bols to indi-
cateType-1 AG N,Type-2 AG N and unidenti ed sources.
The sources with log(N H ) > 21:5 have special labels
(square box);when the redshift is unknown,the derived
colum n densities are only lowerlim its.W e also highlight
thesourceswith R  K 0 5,usually called Extrem ely Red
O bjects(seeSect.4.2 fora discussion ofthepropertiesof
thisclassofobjects).
In both diagram s, Type-1 AG N are con ned in a
sm allregion,as opposed to Type-2 AG N and unidenti-
 ed sources which are spread over a m uch broader area
with high hardnessratios(seealsoPaperI).M oreover,us-
ing the additionalinform ation on the m easured intrinsic
absorption colum n density,itisnow clearthatthe hard-
ening ofnon-Type-1 sources is m ainly due to the pres-
enceofintrinsicabsorption with log(N H )> 21:5 superim -
posed on relatively softspectra (see Fig.1),ratherthan
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Fig.5.O ptical/near-infrared coloursasa function ofred-
shift for a sam ple ofRO SAT and XM M -Newton sources
in the Lockm an Hole with opticalspectroscopy.Sym bols
are as in Fig.3.The evolutionary tracks shown are the
sam e as in Fig. 4. Type-1 AG N have the typical blue
colour ofa Q SO and are unabsorbed,Type-2 AG N fol-
low m uch redderopticalcolourtracksexpected for their
hostgalaxy-becausetheopticalnucleusisobscured -and
are intrinsically absorbed.There are,however,two high-
redshiftType-1 Q SO swhith strong X-ray absorption (see
Sect.7.4).
intrinsically hard spectra (thisisalso consistentwith the
factthatType-1 and Type-2 AG N span sim ilarrange in
HR3).These diagram s also suggestthat a large fraction
oftheunidenti ed sources(m ainly newly detected XM M -
Newton sources)areX-ray obscured AG N.
4.O pticalproperties
4.1.Optical-to-near-IR colours
A deep broad-band K 0 (1.92-2.29 m ) survey of the
Lockm an Hole region was carried out with the O m ega-
Prim ecam era (Bizenbergeretal.1998)attheCalarAlto
3.5m telescope in 1997 and 1998.This survey coversap-
proxim ately halfthe Lockm an Hole  eld.
SeveralX-ray surveys(Hasingeretal.1999;G iacconi
etal.2001;Lehm ann etal.2001a;Alexanderetal.2001a)
have shown that the R  K 0 colour of the opticalcoun-
terpartsofX-ray sourcesincreaseswith the opticalfaint-
ness,and this in a m ore pronounced way than for the
 eld sources (Rosatiet al.2002).This trend is also ev-
ident in the colour-m agnitude diagram R  K 0 versus R
shown in Fig.4a.W e note that the stillunidenti ed ob-
jects are signi cantly redderthan the bulk ofthe identi-
 ed sources.Using the X-ray inform ation on NH ,we also
 nd thatthere isa strong correlation between the X-ray
absorption and opticalcolour.For com parison,we also
plot the evolutionary tracks ofan early,late and irreg-
ular galaxy type using the tem plate library ofColem an
etal.(1980),whose spectralenergy distributions(SEDs)
wereextended tothenear-IR and farUV using Bruzual&
Charlot(1993)m odels asupdated in 2000 (private com -
m unication).M agnitudesarenorm alized to them easured
localvalueK  = 10:8,and no dustextinction isassum ed.
The Q SO evolutionary track is derived from the em piri-
caltem plate from the Sloan DigitalSky Survey (Vanden
Berk etal.2001),togetherwith them odelsofG ranato et
al.(1997),norm alized toM B =   22:4(forbrighterobjects
the curve should be shifted to the left),forthe extension
in the nearIR.
In theR  K 0versusK 0diagram ,shown in Fig.4b,there
is no evident trend between R  K 0 colour and near-IR
 ux.M oreover,therangeofK0m agnitudescovered by the
Type-2 AG N and unidenti ed sourcesisalm ostthe sam e
asthatofthe Type-1 AG N population.Thisislikely due
to a com bination ofa lesspronounced absorption e ectin
the K 0 band,a di erentK -correction forAG N-type spec-
tra (sm all)and star-likegalaxy spectra (large),aswellas
an increased contribution ofthe hostgalaxy light in the
K 0 band relative to that ofthe AG N.Consequently the
di erence in the observed m agnitudes between absorbed
and unabsorbed sourcesissm allerthan in the R band.
The R  K 0 versus redshift diagram is shown in Fig.
5 for the subsam ple with opticalidenti cation (redshift
and AG N type)and X-ray spectral t(see also Fig.7 in
Lehm ann et al.2001a).The correlation between optical
classi cation,optical/near IR colour and X-ray absorp-
tion iseven clearerthan in Fig.4.M ostofType-2 AG N,
whose opticalcoloursare dom inated by the host galaxy,
are also signi cantly absorbed (log NH > 21:5),whereas
Type-1 AG N are unobscured and the em ission from the
centralAG N is contributing signi cantly to theiroptical
colours.There are two exceptions,high redshift Type-1
Q SO s,which areopticallyunobscured butabsorbed in the
X-ray band (seeSect.7.4):thiscould indicatea variation
in the gas-to-dustratio (G ranato etal.1997;M aiolino et
al.2001a;M aiolino etal.2001b).Thecoloursofthethree
sources with photom etric redshifts appear to be dom i-
nated by the lightfrom theirhostgalaxies.
Thespectroscopicidenti cation isstillin progressand,
to date,wehave24 new XM M -Newton sourceswith m ea-
sured redshift using LRIS at the K eck II telescope in
M arch 2001 (PI:M aarten Schm idt).There isan increas-
ing fraction ofType-2 AG N am ong these fainter X-ray
sources,and alm ost allthe identi ed Type-2 AG N are
at z < 1.The derived but stillprelim inary redshift dis-
tribution seem s to be in clear disagreem entwith predic-
tionsfrom X-raybackgroundm odels(e.g.G illietal.2001)
based on the integrated em ission ofType-1 and Type-2
AG N and constrained by deep RO SAT surveys(see also
Hasinger2002;Rosatietal.2002).Thiscallsforarevision
ofthe evolutionary param eters ofthese m odels for both
thespacedensity ofType-1 and Type-2 AG N and theob-
scuration fraction (Type-1/Type-2 ratio)asa function of
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Fig.4.Color-m agnitudediagram ,R  K 0versusR (a)and R  K 0versusK 0(b),ofLockm an Holesources.Sym bolsare
asin Fig.3,while eld sourcesarem arked with sm alldots.Thefourevolutionary trackscorrespond to an unreddened
Q SO with L = LB and z= 0 6 (solid line),and to an unreddened elliptical,Sbcand irregularL
 galaxies(z= 0 3)
from the Colem an,W u & W eedm an (1980)tem plate library (dashed lines).
Table 1.X-ray detected ERO s
Ty-1
a
Ty-2
b
Unid.
c
Abs
d
R   K
0
 3 12 (24% ) 14 (28% ) 21 (43% ) 20 (41% )
R   K
0
 4 2 (6% ) 10 (30% ) 19 (57% ) 16 (48% )
R   K 0  5 0 (0% ) 2 (11% ) 14 (78% ) 12 (67% )
R   K
0
 6 0 (0% ) 0 (0% ) 6 (100% ) 4 (67% )
a
Type-1 AG N
b Type-2 AG N
c
Unidentied sources
d
Sourceswith log(N H )> 21:5
the redshift.The latterisdirectly related to assum ptions
in the uni ed AG N schem e.
4.2. X-ray detected Extrem ely Red Objects
In recentyears,m uch e ortshavebeen devoted to under-
stand the nature ofExtrem ely Red O bjects(ERO shere-
after).W e de neERO sasobjectswith R   K
0
 52.
In arecentwide-areasurvey,Cim attietal.(2002)have
spectroscopically identi ed a sizeblesam pleof eld ERO s
with K < 19:2and found them tobealm ostequallydivided
between old passively evolving ellipticalsand dusty star-
form ing galaxies at 0:7 < z < 1:5.W ith XM M -Newton
and Chandra observations(Alexanderetal.2001b;Brusa
etal.2002),the fraction ofopticalcounterpartswith ex-
2
O ther selection criteria have also been used, such as
R   K  5:3 orI  K  4.
trem ely red colourshassigni cantly increased when com -
pared to the rstexam plesofERO sfound in RO SAT sur-
veys(Lehm ann etal.2001a).
In the subsam ple of66 X-ray sources with m easured
R   K 0 colour,we  nd 18 (or 27% ) ERO s.Two ofthem
areType-2 AG N,oneisclassi ed asa norm algalaxy,one
isan extended source and 14 are unidenti ed sources;no
Type-1 AG N are found.From Table 1,we inferthatthe
fraction ofType-1 AG N decreaseswith increasing values
ofR   K 0,whereasthefraction ofunidenti ed sourcesand
intrinsically absorbed (log(N H )> 21:5)sourcesincreases.
M oreover,alltheX-ray detected ERO shavean X-ray-to-
optical ux ratio log(
fX [2  10keV ]
fR
) > 1 (see Fig.6b) and
they sam ple the hardest part ofX-ray colour-colour di-
agram s (see Fig.3).The X-ray lum inosities in the [0.5-
10]keV rest-fram e energy band ofthe seven ERO swith
known spectroscopic and/or photom etric redshift are in
therange2:6 1042   8 1044 erg s  1.W ethusconclude
thatourX-ray selected sam ple ofERO sisheavily dom i-
nated by sourceswith strong AG N activity and absorbed
X-ray spectra (twelve,or67% ,havelog(N H )> 21:5).
In the 1 M sec observation ofthe Chandra Deep Field
South (Tozzietal.2001;Rosatietal.2002)about5% of
theopticallyselected ERO saredetected atX-rayenergies,
and their stacked spectrum is consistent with absorbed
objects.In that eld 19% ofthe X-ray sourcesareERO s,
down only to the ux lim itsofourcom pletesam plein the
Lockm an Hole.
5.X-ray-to-opticalux ratios
X-ray-to-optical ux ratioscan yield im portantinform a-
tion on the nature of X-ray sources (M accacaro et al.
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Fig.6.X-ray  ux in the[0.5-2.0](a)and [2.0-10.](b)keV bandsversusopticalR m agnitudesforthosesourcesin the
Lockm an Holewith availableR band photom etry.Sym bolsareasin Fig.3.Thedashed linesareX-ray-to-optical ux
ratio log(
fX
fR
)of  1,0 and 1
Fig.7.X-ray  ux in the[0.5-2.0](a)and [2.0-10.](b)keV bandsversusopticalK0m agnitudesforthosesourcesin the
Lockm an Holewith availableK 0 band photom etry.Sym bolsareasin Fig.3.
1988).A value of  1 < log(
fX
fR
) < 1 is a clear sign of
AG N activity since norm algalaxies and stars have usu-
ally lower X-ray-to-optical ux ratios,log(
fX
fR
) <   2.In
Fig.6,we plotthe X-ray  ux in [0.5-2.0](a)and [2.0-10]
(b)keV bandsasafunction oftheR m agnitudeforthe98
sourcesofthesam ple.A largefraction ofthesourcesspans
the typicalX-ray-to-optical ux ratio ofAG N.W hile in
thesoftband (Fig.6a)theType-2AG N and theunidenti-
 ed sourcesarecon ned atthelower uxesofoursam ple,
in the hard band (Fig.6b),where the e ect ofthe ab-
sorption is weaker,the range of uxes covered by these
sources is alm ost the sam e as that ofthe Type-1 AG N
sam ple.W ealsonotethat32% ofthesourcesarecon ned
in a region with log(
fX [2  10]
fR
) > 1.Am ong the sources
with a high X-ray-to-optical ux ratio, 85% areheavily
absorbed (log(N H )> 21:5)and  60% are ERO s.Their
opticalclassi cation isstilllargely incom pleteduetotheir
faintness:twoareType-1AG N,fourareType-2AG N,one
isan extended sourceand 13 areunidenti ed.
At the current  ux lim it of our com plete sam ple,
the population ofobjects with very low X-ray-to-optical
 ux ratio is largely m issing.Such a population was un-
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Fig.8.X-ray lum inosity in the [0.5-2](a)and [0.5-10](b)keV rest-fram e band versusthe logarithm ofthe colum n
density N H .Sym bolsareasin Fig.3.Arrowsshow lum inositiescorrected forintrinsicabsorption.Thedashed linesin
panelb de ne the \Type-2 Q SO region".
veiled by theChandra deep surveys(G iacconietal.2001;
Hornschem eieretal.2001)and found to com prisenorm al
galaxiesand low-lum inosityAG N (with LX < 10
42 ergs  1
in the [0.5-10]keV energy band).
Thereareexam plesin theliteratureof\X-ray bright"
objects (LX [2-10]> 10
41 erg s  1) but without any ob-
vious signature ofnuclear activity in the opticalspectra
(G ri thsetal.1995;Com astrietal.2002 and references
therein).A heavilyobscuredAG N isam ongthem ostlikely
explanations.In our sam ple there are two sources (# 60
and # 92) optically classi ed as norm al galaxies (their
optical spectra show em ission lines that declare them
as star-form ing galaxies)which are howeverX-ray lum i-
nous:LX [2-10]= 3:7 10
41 and LX [2-10]= 1:9 10
42 erg
s  1 respectively.TheirX-ray spectra areclearly absorbed
(N H = 2
+ 2:8
  1:6  10
23 and N H = 9
+ 3:2
  1:4  10
20 cm   2) rein-
forcing theevidencethatthey contain an obscured AG N.
M oreexam plesofthisclassofobjectsareexpected atthe
com pletion ofthe opticalidenti cation ofthe newly de-
tected XM M -Newton sources.
In Fig.7,we plot the X-ray  ux in [0.5-2.0](a) and
[2.0-10](b)keV bandsasa function ofK 0 m agnitudes.In
these diagram s,there isa strong overlap between Type-2
AG N and unidenti ed sourcesand theType-1 AG N pop-
ulation,m oreprounonced in Fig.7b.Theoverlap in m ag-
nitudes is likely due m ainly to a K -correction e ect (see
also Fig.4b),whereasin the X-ray hard band the e ect
ofthe absorption isweaker(seealso Fig.6b).
Finally,in the softband (Fig.6a and 7a)the fraction
ofabsorbed objectsincreasessigni cantly asthe  ux de-
creases.Thisinevitably leads,in a  ux lim ited sam ple,to
a biasin theN H distribution athigh valueofN H (seeFig.
2).
6.X-ray lum inosity and Type-2 Q SO candidates
W e have redshifts(and lum inosities)for61 objects or
62% ofthe sam ple with X-ray spectralanalysis.In Fig.
8,we plotX-ray lum inosity in the [0.5-2](a)and [0.5-10]
(b) keV rest-fram e bands as a function ofthe log(N H ).
Type-1 AG N (objects without soft absorption) cover a
range between 1  1041 erg s  1 and 9 1044 erg s  1 in
the[0.5-2]keV band;whereasabsorbed Type-2AG N have
lum inositiesin therange1 1041 -2 1043 ergs  1.In the
totalband (Fig.8b)thee ectofabsorption islessevident
sothattherangeoflum inosityofType-1(1 1042 -2 1045
erg s  1)and Type-2 AG N (1 1042 -2 1044 erg s  1)is
com parable.W ehavederived theunabsorbed lum inosities
forobjectswith log(N H )> 21:5and reported them in Fig.
8 asarrows.In thesoftband (Fig.8a),wherethee ectof
absorption isstronger,lum inositiesincreasesubstantially
and therangeofintrinsiclum inositiesofType-2 AG N fall
in the sam e range as that ofType-1’s (see also G illiet
al.,in preparation).In Fig.8b,we have highlighted the
region where LX [0.5-10]> 10
44 erg s  1 and log(N H )> 22
cm   2,i.e.the\Type-2Q SO region".Six objectsfallinside
thisarea:oneisoptically classi ed asa Type-1 AG N (see
Sect.7.4 form ore details),two are Type-2 AG N.Forthe
rem ainingthree,wederived photom etricredshiftsand due
to theirX-ray absorption and optical/near-IR coloursare
likelyType-2AG N.Fourofthem arealsoERO s.W eargue
thatthesesix sourcesarereliableType-2Q SO candidates.
Allofthem are within an o -axisangle of100 where the
sam ple is com plete (see Sect.3.3) and we thus derive a
density of 69 objectsofthisclasspersquaredegree.
In Fig.9,we show the X-ray lum inosity asa function
ofredshift,usingtheobservedhard band lum inositywhich
isrelatively una ected by absorption.
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Fig.9.X-ray lum inosity in the [2-10]keV rest-fram eband versusredshift.Sym bolsare asin Fig.2.The dashed line
showsthe currentlim itin the X-ray  ux ofoursam ple.
7.H igh S/N spectra
In Fig.10 we show six X-ray spectra representative of
the di erentclassesofobjectsin oursam ple.The source
num bers refer to the catalogue presented in this work,
forreference we give also the RO SAT cataloguenum bers
(Hasingeretal.,1998).Theredshiftofthesourcesarere-
ported in Lehm ann etal.(2001a).Sourceswith interesting
line features willbe reported in a future work (Hasinger
etal.2002,in preparation).
7.1.Unabsorbed sources
Source # 4 (RO SAT # 29): this source was already
observed by RO SAT (Lehm ann etal.2000)and optically
classi ed as a Type-1 AG N at z = 0:784.This is one
of the brightest sources in our sam ple (3164 EPIC-pn
counts in the [0.5-7]keV band).This source is very well
 tted (2

= 1:03) by a sim ple power law m odel with
  = 2:02
+ 0:04
  0:04 and N H consistentwith the G alactic value
(5:7 1019 cm   2).W e m easure LX = 4:2 10
44 erg s  1
in the [0.5-10]keV rest-fram eband,and log(fx
fR
)= 0:6.
Source # 6 (RO SAT # 16):it was observed by RO SAT
(Schm idt et al.1998) and classi ed as a Type-1 AG N
at z = 0:586. This source (1537 EPIC-pn counts in
the [0.5-7] keV band) is well  tted (2

= 1:15) by a
sim ple power law m odel with   = 2:47+ 0:08
  0:03 and N H
consistent with the G alactic value (5:7 1019 cm   2).It
hasLX = 1:2 10
44 erg s  1 in the[0.5-10]keV rest-fram e
band.
7.2.Absorbed sources
Source # 25 (RO SAT # 84):this object was part ofthe
RO SAT ultradeep HRI survey (Hasinger et al., 1998).
Lehm ann et al. (2001a) give a photom etric redshift
zphot = 2:71
+ 0:29
  0:41. The spectrum extracted from the
EPIC-pn data (332 countsin the[0.5-7]keV band)iswell
 tted (2

= 1:09)by a wabs zwabs(powerlaw) m odel,
with an intrinsic absorption ofN H = 3
+ 1
  1  10
23 cm   2
and   = 2:3+ 0:3
  0:3;theunabsorbed rest-fram elum inosity in
the [0.5-10]keV band isLX = 5:49 10
45 erg s  1.
Source # 26 (RO SAT # 117): was observed by RO SAT
(Schm idtetal.1998)and optically classi ed asa Type-2
AG N atz = 0:780.From the  tofthe X-ray spectra we
get the values,N H = 2
+ 1
  1  10
22 cm   2 and   = 1:5+ 0:4
  0:3.
The unabsorbed X-ray lum inosity in the [0.5-10] keV
rest-fram eband isLX = 4 10
43 erg s  1.
7.3.M ulticom ponentspectra
Source # 50 (RO SAT # 901):thissource wasclassi ed as
a Type-2 AG N at z= 0.204 by Lehm ann et al.(2001a).
As noted in Paper I, a very soft com ponent superim -
posed on a heavy absorbed power law,is likely present
in this source as suggested by the unusually large value
ofthe hardnessratio HR3.The XM M -Newton spectrum
clearlyshowssuch afeature.By ttingadoublepowerlaw
m odel(wabs(zwabs(powerlaw)+ powerlaw)),weobtain:
N H = 4
+ 2:5
  1:5 10
23 cm   2,  = 3+ 1
  1 forthehard com ponent
and   = 3:3+ 0:4
  0:5 for the soft com ponent (
2

= 1:2).W e
also  nd an unabsorbed X-ray lum inosty LX = 5:7 10
43
erg s  1 in the [0.5-10]keV rest-fram e band and a ratio
log(fx
fR
)=   2:4,unusually low foran AG N,which isprob-
ably due to the strong intrinsicabsorption.
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7.4.Type-1 QSO with X-ray absorption
Source # 96 (RO SAT # 39):this object is optically clas-
si ed as a Type-1 Q SO at z = 3:279 (Lehm ann et al.,
2001a).A clear absorption is present in the X-ray spec-
trum and the tyieldsNH = 5
+ 5
  3 10
22 cm   2.Asalready
argued in Sect.3.2,this m ism atch between the optical
and X-ray classi cationscould bedueto a gas-to-dustra-
tio or a chem icalcom position di erent from that ofthe
G alacticinterstellargas(Akiyam a etal.2000;M aiolinoet
al.2001b).
8.Conclusions
W ehavediscussed theX-ray spectralpropertiesofa sam -
ple of 98 sources found in the 100 ksec XM M -Newton
observation of the Lockm an Hole,using data from the
EPIC-pn detector.Thelargethroughputand theunprece-
dented sensitivity athigh energiesofthe X-ray telescope
and detectorsallow us,forthe  rsttim e,to m easuresep-
aretely theintrinsicabsorption and theslopeofthepower
law em ission spectrum forthefaintsourcepopulation.W e
have derived the spectralindex (  )and the colum n den-
sity (N H ) for sources with m ore than 70 counts in the
[0.5-7]keV band.W e  nd thatthe value of  isindepen-
dent ofthe absorption levelwith <   >  2.Thus,we
inferthatthe progressivehardening ofthe X-ray spectra
offaintsourcesobserved in Chandra deep  elds(G iacconi
etal.2001;Tozzietal.2001;Brandtetal.2001)ism ainly
due to the increasing levelofintrinsic absorption rather
than intrinsically  atspectra.
W e con rm thatthe R   K
0
coloursofX-ray counter-
parts get redder towards fainter R m agnitudes.Such a
trend is not present between R   K
0
and the K 0 m agni-
tude;this is likely due to a com bination of a less pro-
nounced absorption e ect in this band, a di erent K -
correction for AG N-type spectra (sm all) and star-like
galaxy spectra (large),as wellas an increased contribu-
tion ofthe host galaxy light in the K 0 band relative to
thatofthe AG N.
Com paring the R   K
0
colours of the X-ray sources
with evolutionarytracksofvariousgalaxy-typesasafunc-
tion ofredshift,we  nd that Type-2 AG N have colours
dom inated by the host galaxy and are also signi cantly
absorbed (log N H > 21:5).O n the otherhand,forType-
1 AG N,the large m ajority ofwhich are unabsorbed,the
nuclear com ponent is signi cantly contributing to their
opticalcolours.In addition,there is a strong correlation
between the R   K
0
colour and the am ount ofintrinsic
X-ray absorption.
W e have also de ned an X-ray selected sam ple of18
ERO s (R   K
0
 5) and found that it m ainly com prises
X-ray absorbed objectswith a strong correlation between
colourand intrinsiccolum n density.
W e have derived the unabsorbed rest-fram e lum inosi-
tiesofthesourceswith strong intrinsicabsorption.There
aresix absorbed,brightX-ray objectsin oursam plewith
LX [0:5  10]> 10
44 ergs  1 and log(N H )> 10
22 cm   2:one
isan opticallyclassi ed Type-1Q SO (source# 96seeSect.
7.4),two are Type-2 AG N and the rem aining three have
a photom etric redshiftand due to theirX-ray absorption
and optical/near-IR colours likely Type-2 AG N.Four of
them are also ERO s(R   K
0
 5).These are likely to be
Type-2 Q SO candidatesand we derive a density of 69
objects ofthis class per square degree at a  ux lim it in
the [0.5-7]keV band of1:6 10  15 erg cm   2 s  1.
O uranalysisoftheunidenti ed sources(m ostly newly
detected XM M sources)showsthatthe m ajority ofthese
sourceshaveabsorbed X-ray spectraand areconsequently
located in theharderpartofthediagnosticX-ray colour-
colour diagram s.They are also optically fainter ( 80%
ofthem haveR> 24)and theiroptical-to-near-IR colours
are redder ( 90% have R  K 0  4) than already
identi ed sources.Their X-ray-to-optical ux ratios are
log(
fX [2  10]
fR
) > 1.From these properties,we argue that
them ajorityofthesesourcesareType-2AG N.Thisiscon-
 rm ed by ouron-goingopticalspectroscopicsurvey which
isshowing thatthebulk ofthesesourcesisatz < 1.Two
X-ray bright optically \norm al" galaxies are present in
oursam ple.TheirX-ray spectra areclearly absorbed sug-
gesting thepresenceofan obscured AG N.W eexpectthis
classofobjectsto increasefrom the opticalidenti cation
ofthe newly detected XM M -Newton sources.
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Table 2.X-ray catalogue
X ID R osat Type
a
R A D ec O -axis counts Flux
b
Flux
b
Flux
b
R K
0
R -K
0
z log(N H )
c
 
d
LX
e
LX
e
angle
f
[0.5-7] [0.5-2] [2-10] [5-10] [0.5-2] [2-10]
1 28 2 10 54 21.3 + 57 25 43 13.58 6071 11.06 20.31 9.30 .... .... .... 0.205 21.29
21:32
21:26
1.89
1:93
1:85
43.356 43.715
2 32 1 10 52 39.6 + 57 24 32 4.28 4440 5.87 6.02 2.97 17.9 16.1 1.8 1.113 0.00 2.49
2:53
2:45 44.911 44.745
3 6 1 10 53 16.8 + 57 35 52 8.40 3590 5.90 8.60 3.86 18.8 16.6 2.2 1.204 0.00 1.91
1:94
1:87
44.783 44.964
4 29 1 10 53 35.1 + 57 25 43 7.65 3164 4.73 6.45 2.62 19.5 17.2 2.3 0.784 0.00 2.02
2:06
1:98
44.276 44.366
5 8 5 10 51 30.9 + 57 34 39 11.30 1958 4.66 0.65 0.00 .... .... .... ..... ...... ...... ...... ......
6 16 1 10 53 39.7 + 57 31 05 7.95 1537 3.16 3.15 1.33 19.4 16.3 3.1 0.586 0.00 2.50
2:56
2:45
43.880 43.663
7 0 5 10 53 00.5 + 57 42 10 13.58 1271 3.58 0.00 0.00 .... .... .... ..... ...... ...... ...... ......
8 31 1 10 53 31.9 + 57 24 56 7.64 1208 1.84 2.21 1.16 20.5 17.7 2.8 1.956 0.00 1.93
1:99
1:86
44.882 45.088
9 232 5 10 53 36.3 + 57 38 01 11.67 962 2.42 0.00 0.00 .... .... .... ..... ...... ...... ...... ......
10 25 1 10 53 44.9 + 57 28 41 8.33 746 1.17 1.69 0.50 20.8 18.0 2.8 1.816 0.00 1.89
1:91
1:80
44.484 44.708
11 9 1 10 51 54.3 + 57 34 36 8.74 744 1.24 1.60 0.74 21.2 18.3 2.9 0.877 20.20
20:30
19:76 2.18
2:35
2:06 43.833 43.837
12 513 1 10 52 54.4 + 57 23 42 5.32 681 0.86 1.33 0.62 22.3 18.3 4.0 0.761 0.00 1.75
1:88
1:65
43.365 43.631
13 37 1 10 52 48.1 + 57 21 17 7.54 612 1.11 0.77 0.34 20.1 17.3 2.8 0.467 0.00 2.81
2:91
2:72
43.310 42.905
14 2 1 10 52 30.1 + 57 39 13 10.57 599 1.14 1.55 0.48 .... .... .... 1.437 21.03
21:36
20:30 2.03
2:12
1:89 44.127 44.352
15 12 2 10 51 48.6 + 57 32 47 8.32 570 0.41 3.29 2.17 22.9 18.0 4.9 0.990 23.50
23:74
23:29
2.02
2:80
1:61
42.922 44.239
16 77 1 10 52 59.1 + 57 30 29 2.75 516 0.62 1.15 0.70 22.1 18.8 3.3 1.676 0.00 1.56
1:71
1:45 44.100 44.528
17 0 9 10 54 07.1 + 57 35 27 13.09 511 1.35 1.44 0.63 .... .... .... ..... 0.00 2.29
2:38
2:20
...... ......
18 426 1 10 53 03.8 + 57 29 24 2.87 443 0.76 0.81 0.00 22.0 17.5 4.5 0.788 20.79
20:90
19:76
2.14
2:38
1:91
43.202 43.288
19 14 9 10 52 42.2 + 57 31 58 3.18 427 0.46 1.28 0.64 25.0 19.6 5.4 1.94
g
ph ot:
22.59
22:77
22:39 1.67
1:97
1:41 43.825 44.644
20 120 1 10 53 09.3 + 57 28 21 3.57 426 0.54 0.75 0.45 20.4 17.7 2.7 1.568 0.00 2.12
2:28
1:98 44.192 44.307
21 27 1 10 53 51.5 + 57 27 04 9.37 412 0.65 0.89 0.56 20.8 18.6 2.2 1.720 0.00 1.66
1:76
1:56
44.258 44.634
22 5 1 10 53 02.5 + 57 37 57 9.53 387 0.63 1.06 0.48 21.0 18.3 2.7 1.881 0.00 1.94
2:11
1:79
44.169 44.383
23 30 1 10 52 57.3 + 57 25 06 4.16 368 0.61 0.72 0.00 21.1 18.0 3.1 1.527 0.00 2.35
2:50
2:21 44.239 44.185
24 0 2 10 52 37.8 + 57 33 22 4.62 352 0.17 2.03 1.61 22.6 17.5 5.1 0.707 23.01
23:18
22:70
1.63
1:87
1:40
42.362 43.711
25 84 9 10 52 17.0 + 57 20 17 9.21 332 0.32 1.51 0.75 25.5 19.3 6.2 2.71
g
ph ot:
23.51
23:63
23:37 2.27
2:64
1:92 ...... 44.903
26 117 2 10 53 48.6 + 57 30 35 8.99 321 0.34 1.27 1.02 22.9 19.5 3.4 0.780 22.27
22:53
22:06 1.50
1:90
1:20 42.327 43.572
27 45 2 10 53 19.2 + 57 18 52 11.06 287 0.47 0.52 0.00 21.2 .... .... 0.711 20.32
20:48
19:76
1.77
2:01
1:59
43.018 43.284
28 23 1 10 52 24.6 + 57 30 10 2.83 286 0.35 0.64 0.00 22.4 18.0 4.4 1.009 20.94
21:32
19:76
1.95
2:33
1:65
43.248 43.485
29 13 1 10 52 13.1 + 57 32 22 5.36 277 0.39 0.50 0.00 22.0 19.5 2.5 1.872 20.73
21:11
19:76 1.81
2:07
1:63 ...... 44.230
30 52 1 10 52 43.4 + 57 15 45 13.04 250 0.57 0.46 0.00 .... .... .... 2.144 0.00 2.29
2:48
2:15
44.555 44.552
31 104 2 10 52 41.3 + 57 36 50 8.05 224 0.28 0.81 0.49 18.8 .... .... 0.137 22.26
22:29
21:60 1.95
2:25
1:31 41.209 41.862
32 491 9 10 52 25.3 + 57 25 50 3.79 216 0.16 0.72 0.49 24.6 18.3 6.3 ..... 22.04
22:30
21:73 2.17
2:89
1:52 ...... ......
33 123 9 10 51 28.3 + 57 27 37 10.11 209 0.16 1.24 0.60 23.6 20.0 3.6 ..... 22.15
22:40
21:83
1.90
2:34
1:30
...... ......
34 80 1 10 51 44.6 + 57 28 07 7.87 207 0.30 0.45 0.00 21.2 19.2 2.0 3.409 21.08
22:11
19:76 1.75
2:06
1:53 ...... 44.958
35 116 2 10 52 37.5 + 57 31 05 2.40 206 0.26 0.47 0.32 20.9 16.1 4.8 0.708 20.99
21:41
19:76
1.50
1:75
1:27
42.789 43.304
36 814 1 10 52 45.2 + 57 21 21 7.45 199 0.30 0.29 0.00 20.5 19.0 1.5 2.832 0.00 2.12
2:32
1:88
44.335 44.524
37 486 9 10 52 43.2 + 57 28 00 0.79 191 0.19 0.44 0.34 24.4 19.1 5.3 1.21
g
ph ot:
22.02
22:29
21:72 1.49
1:59
1:16 42.855 43.879
38 0 2 10 52 06.6 + 57 29 24 4.92 187 0.15 0.84 0.34 21.8 17.5 4.3 0.708 21.93
22:31
21:23 1.47
1:83
0:97 ...... 43.072
39 0 9 10 54 04.5 + 57 20 36 13.72 179 0.44 0.00 0.00 .... .... .... ..... 0.00 2.74
3:00
2:57
...... ......
40 20 5 10 54 10.5 + 57 30 40 11.90 178 0.43 0.00 0.00 .... .... .... ..... ...... ...... ...... ......
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Table 2.(continued)
X ID R osat Type
a
R A D ec O -axis counts Flux
b
Flux
b
Flux
b
R K
0
R -K
0
z log(N H )
c
 
d
LX
e
LX
e
angle
f
[0.5-7] [0.5-2] [2-10] [5-10] [0.5-2] [2-10]
41 0 2 10 53 05.4 + 57 28 10 3.08 176 0.00 0.88 1.15 23.1 17.8 5.3 0.792 23.55
23:80
23:31
2.00
2:85
1:33
42.413 43.613
42 821 1 10 53 22.1 + 57 28 52 5.26 170 0.25 0.26 0.00 22.7 18.7 4.0 2.340 21.43
21:75
19:76 1.89
2:24
1:59 44.004 44.478
43 75 1 10 51 25.3 + 57 30 48 10.62 161 0.27 0.33 0.57 19.3 17.6 1.7 3.410 21.84
22:32
19:76
1.84
2:15
1:55
...... 45.000
44 477 1 10 53 05.6 + 57 34 25 6.39 159 0.22 0.26 0.00 20.3 18.4 1.9 2.949 0.00 2.21
2:55
1:91 44.439 44.651
45 430 9 10 53 15.3 + 57 26 30 4.91 158 0.14 0.64 0.00 24.3 19.0 5.3 ..... 21.95
22:83
21:95 1.75
9:76
0:96 ...... ......
46 0 1 10 52 36.7 + 57 34 02 5.31 149 0.14 0.52 0.42 24.2 .... .... 0.164 21.85
22:55
21:28
1.51
2:74
1:00
41.020 41.831
47 0 9 10 53 48.1 + 57 28 16 8.77 148 0.18 0.42 0.00 25.5 18.5 7.0 ..... 21.88
22:16
21:56 1.83
2:82
1:17 ...... ......
48 607 9 10 52 20.2 + 57 23 06 6.46 147 0.19 0.28 0.00 24.1 19.8 4.3 ..... 20.52
21:00
19:76
1.91
2:34
1:63
...... ......
49 0 9 10 51 11.8 + 57 26 35 12.47 142 0.25 0.36 0.00 .... .... .... ..... 19.90
20:85
19:76
1.52
1:90
1:26
...... ......
50 901 2 10 52 53.0 + 57 28 59 1.36 138 0.05 0.33 1.25 15.3 11.9 3.4 0.204 23.64
23:82
23:37 2.97
4:02
1:93 41.031 42.219
51 18 1 10 52 28.2 + 57 31 05 3.03 136 0.17 0.26 0.00 22.6 19.5 3.1 0.993 0.00 1.78
2:21
1:41
42.952 43.198
52 428 1 10 53 24.6 + 57 28 19 5.62 132 0.24 0.41 0.00 22.4 18.8 3.6 1.598 21.20
21:73
19:76
1.77
2:08
1:49
43.626 44.061
53 38 1 10 53 29.6 + 57 21 04 9.96 130 0.27 0.33 0.00 21.3 .... .... 1.145 20.34
20:60
19:76 2.18
2:58
1:93 43.514 43.539
54 804 1 10 53 12.4 + 57 34 25 6.88 128 0.19 0.28 0.00 22.7 19.1 3.6 1.213 0.00 2.24
2:45
1:92
43.108 43.256
55 0 9 10 54 10.9 + 57 30 57 12.00 127 0.31 0.37 0.00 .... .... .... ..... 19.92
20:00
19:76 2.34
2:58
2:14 ...... ......
56 0 2 10 52 51.6 + 57 32 00 3.41 125 0.16 0.28 0.00 21.3 16.8 4.5 0.664 21.41
21:84
20:00 1.81
2:21
1:35 42.538 42.996
57 36 1 10 52 25.7 + 57 23 02 6.22 125 0.22 0.27 0.00 22.5 18.6 3.9 1.524 21.34
21:65
19:76
2.56
2:82
2:06
43.604 43.640
58 802 5 10 52 21.9 + 57 37 34 9.22 123 0.28 0.00 0.00 15.9 .... .... ..... ...... ...... ...... ......
59 54 1 10 53 07.7 + 57 15 05 14.11 122 0.21 0.28 0.00 .... .... .... 2.416 0.00 1.66
1:74
1:49
44.139 44.546
60 0 3 10 52 47.6 + 57 36 22 7.60 121 0.00 0.72 1.12 17.9 .... .... 0.118 23.35
23:71
22:82 2.69
3:18
2:18 40.228 41.566
61 0 9 10 52 48.5 + 57 41 28 12.69 118 0.25 0.26 0.00 .... .... .... ..... 20.51
21:15
19:76
2.08
2:73
1:66
...... ......
62 0 9 10 53 01.8 + 57 15 00 14.03 113 0.18 0.28 0.00 .... .... .... ..... 20.75
21:34
19:76
1.65
2:25
1:21
...... ......
63 0 2 10 52 52.1 + 57 31 33 3.03 106 0.07 0.45 0.00 19.1 16.0 3.1 ..... 21.97
22:39
21:40 1.74
2:60
0:95 ...... ......
64 0 9 10 53 30.5 + 57 25 16 7.31 104 0.15 0.00 0.00 25.9 19.7 6.2 ..... 0.00 1.84
1:91
1:77
...... ......
65 0 9 10 52 11.1 + 57 32 04 5.38 102 0.06 0.53 0.00 25.3 19.5 5.8 ..... 22.04
22:42
21:65
1.74
2:60
1:40
...... ......
66 870 1 10 52 25.4 + 57 22 51 6.40 101 0.18 0.00 0.00 21.3 17.8 3.5 0.807 0.00 2.25
2:69
1:89 42.701 42.663
67 34 4 10 52 58.2 + 57 23 56 5.27 100 0.17 0.25 0.00 26.6 .... .... 0.340 ...... ...... 42.173 42.546
68 128 4 10 53 50.8 + 57 25 13 9.81 98 0.21 0.27 0.00 19.9 .... .... 0.033 ...... ...... 39.754 39.902
69 634 1 10 53 11.6 + 57 23 08 6.86 97 0.13 0.23 0.00 23.2 .... .... 1.544 0.00 1.43
1:73
1:16 ...... 43.715
70 0 9 10 53 15.5 + 57 24 51 5.90 95 0.04 0.53 0.00 24.5 19.4 5.1 ..... 22.12
22:54
21:63 1.77
3:09
1:02 ...... ......
71 82 1 10 53 12.3 + 57 25 06 5.41 94 0.14 0.00 0.00 22.8 19.0 3.8 0.960 0.00 1.64
1:93
1:38
43.022 43.471
72 0 9 10 52 31.8 + 57 24 30 4.55 94 0.00 0.49 0.34 24.1 19.6 4.5 ..... ...... ...... ...... ......
73 19 1 10 51 37.3 + 57 30 42 9.02 92 0.13 0.34 0.00 22.2 19.0 3.2 0.894 20.20
21:64
19:76
1.68
2:30
1:33
42.521 42.843
74 0 9 10 52 43.4 + 57 35 46 6.97 91 0.14 0.00 0.00 .... .... .... ..... 0.00 1.66
2:64
1:28 ...... ......
75 0 9 10 51 46.6 + 57 30 35 7.78 91 0.18 0.00 0.00 25.6 19.2 6.4 ..... 0.00 1.96
2:38
1:38
...... ......
76 0 9 10 51 55.3 + 57 29 34 6.45 90 0.12 0.00 0.00 24.7 20.4 4.3 ..... 0.00 1.63
2:30
1:22
...... ......
77 0 9 10 53 47.1 + 57 33 51 9.98 90 0.21 0.00 0.00 .... .... .... ..... 0.00 1.91
2:27
1:64 ...... ......
78 861 1 10 53 58.3 + 57 29 23 10.14 89 0.15 0.00 0.00 22.5 .... .... 1.843 0.00 1.84
2:05
1:59
43.725 44.007
79 228 4 10 53 39.8 + 57 35 18 10.01 88 0.20 0.42 0.00 22.8 17.2 5.6 1.250 ...... ...... 43.843 44.022
80 0 9 10 52 07.2 + 57 34 12 7.23 87 0.12 0.27 0.00 23.1 .... .... ..... ...... ...... ...... ......
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Table 2.(continued)
X ID R osat Type
a
R A D ec O -axis counts Flux
b
Flux
b
Flux
b
R K
0
R -K
0
z log(N H )
c
 
d
LX
e
LX
e
angle
f
[0.5-7] [0.5-2] [2-10] [5-10] [0.5-2] [2-10]
81 0 9 10 52 54.8 + 57 31 51 3.44 87 0.08 0.28 0.33 22.9 .... .... ..... 21.71
22:24
20:00 1.22
1:98
0:39 ...... ......
82 0 9 10 52 37.0 + 57 16 03 12.77 86 0.15 0.00 0.00 .... .... .... ..... 0.00 1.98
2:24
1:71
...... ......
83 0 9 10 53 30.9 + 57 39 23 12.39 81 0.00 0.64 0.61 .... .... .... ..... 22.04
22:70
21:95
1.10
1:80
0:40
...... ......
84 0 2 10 51 50.1 + 57 25 21 7.90 80 0.07 0.34 0.00 21.8 17.4 4.4 0.676 21.97
22:37
21:18 1.42
2:23
0:83 41.890 42.901
85 0 9 10 53 21.4 + 57 31 48 5.98 78 0.10 0.27 0.00 25.5 19.3 6.2 ..... 21.53
21:53
20:90
2.42
4:39
1:47
...... ......
86 0 9 10 53 46.9 + 57 26 06 9.01 75 0.10 0.00 0.39 23.2 19.6 3.6 ..... 0.00 2.00
3:03
1:52
...... ......
87 0 9 10 52 23.8 + 57 25 32 4.16 75 0.09 0.00 0.00 24.7 19.6 5.1 ..... 0.00 1.63
2:37
1:26 ...... ......
88 41 4 10 53 19.0 + 57 20 48 9.36 73 0.15 0.00 0.00 17.5 .... .... 0.340 ...... ...... 42.336 42.279
89 0 9 10 52 42.3 + 57 29 11 0.41 73 0.08 0.20 0.00 24.0 19.8 4.2 ..... 19.60
21:57
19:76 1.06
1:65
0:68 ...... ......
90 33 1 10 52 00.3 + 57 24 20 7.27 73 0.07 0.20 0.32 22.2 19.4 2.8 0.974 0.00 0.67
1:37
0:20
42.309 43.115
91 0 9 10 51 20.6 + 57 26 59 11.22 73 0.12 0.00 0.00 .... .... .... ..... ...... ...... ...... ......
92 0 3 10 52 58.6 + 57 33 35 5.24 72 0.10 0.00 0.00 24.3 19.0 5.3 0.417 20.97
22:52
20:90
1.61
2:53
1:10
41.853 42.282
93 21 9 10 51 55.1 + 57 30 43 6.70 72 0.09 0.00 0.00 24.2 20.1 4.1 ..... 0.00 1.89
2:90
1:30 ...... ......
94 434 2 10 52 58.4 + 57 22 51 6.30 71 0.13 0.00 0.00 22.2 18.0 4.2 0.762 21.36
21:66
20:78
2.12
2:56
1:69
42.862 43.123
95 0 9 10 52 31.5 + 57 25 03 4.05 71 0.00 0.23 0.38 24.8 19.8 5.0 ..... 22.28
22:85
19:76
1.13
2:31
  0:06
...... ......
96 39 1 10 52 09.7 + 57 21 04 8.94 71 0.14 0.00 0.00 21.7 20.6 1.1 3.281 22.69
23:00
22:30
2.55
3:20
2:00
...... 44.472
97 108 2 10 52 27.8 + 57 33 30 5.14 71 0.09 0.00 0.00 22.1 18.4 3.7 0.696 21.08
22:01
19:76
1.36
2:33
0:78
42.097 42.719
98 0 9 10 52 41.5 + 57 30 39 1.88 70 0.07 0.00 0.00 25.5 20.3 5.2 ..... 0.00 1.46
1:51
1:21 ...... ......
a
O pticalclassication:1= Type1 A G N ,2= Type2 A G N ,3= galaxy,4= group/cluster,5= star,9= unidentied source
b
In units of10
  14
erg s
  1
.
c
Intrinsic absorption in excess to the G alactic ones ( 5:7  10
19
cm
  2
) and 90% condence range.
d
SpectralIndex and 90% condence range.
e
Log ofobserved lum inosity in the rest-fram e band,in units oferg s
  1
.
f
In arcm in.
g
Photom etric redshifts (see Lehm ann et al.2001a).
